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CLAIMS 



-ftir — SMlilS 



aevice comprising a c^±± CD forv 

connection in series with a voltage source (2), e.g. aySc 
voltage source, and wound from a superconducting cabley/(12) 

havi^ng . super conduct mean^^^ ... ..(14) whi ch , , , .in . ^x^J, . . is.. 

^:^maintained at cryogenic temperatures below its ^critical 
temperature (T^) and which is surrounded by/electrical 
insulation (20-22)/ and switch means (3)/^ for short- 
circuiting the coil (1) , characterised Lt/ that the said^ 
electrical insulation comprises an innj^ layer (2 0) of 
semiconducting material electrically /connected to said 
superconducting^: m^ outerriayery(2 i);\ p semiconducting 

material at a controlled electric po;tential along its length 
and an intermediate layer (221/ of solid electrically 
insulating material positioned between said inner and outer 
layers (2 0 and 21) . 



2. An SMES devisee according to claim 1, 
characterised in that tehe device further comprises a 
cryostat (6) in which th6 coil (1) and switch means (3) are 
enclosed. 



3 . An SMES/ device according to claim 1 or 2 , 
characterised^^x means comprises 

temper a ture/supereondu^^ (HTS ) means . 



4. 

characterise 
(HTS) : me ax 



SMES device according to claim 3, 
in that said high- temperature superconducting 
comprises at least one layer (14) of high- 



t emp e r a t^ fe superconducting (HTS) , materi al;,-^G<>oling : means 
(13) to± cryogenically cooling the layer (s) (14) of HTS 
materi^ below the critical temperature (T^) of the HTS 
materi/al and thermally insultating means (15) surroiinding 
the layer (s) (14) of HTS material and the cooling means 
(13)/, 



5. An 
r acterised 



SMES device according to claim 4, 
Lat the coolina jjemrs — (- 13 ) — cbmpirlses a" 
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Support tiibe (13) through whiih cryogenic cooling fluid is 
passed and in that the at least one layer (14) of HTS 
material comprises HTS tape orl conductors wound in a helical 
layer on said support tube (1,1). 



6. An SMES device according to claim 4 or 5, 
characterised in that the thermally insulating means (15) 
comprises an annular space / under vacuiim and containing 
thermal insulation (18) . 

7 . An SMES device / according to any one of the 
preceding claims, characterised in that the semiconducting 
outer layer (21) has a resistivity of from 1 to 1000 ohm- cm. 

8. An SMES device according to claim 6, 
characterised in that the said outer layer (21) has a 
resistivity of from 10 to ^00 ohm- cm, preferably from 10 to 
100 ohm- cm, 

9. An SMES device according to any one of the 
preceding claims, characterised in that the resistance per 
axial unit length of the pemi conducting outer layer (21) is 
from 5 to 5 0,000 ohm.m"^, 

10. An SMES device according to any one of claims 1 
to 8, characterised in that the resistance per axial unit of 
length of the semiconducting outer layer (21) is from 50 0 to 
25,000 ohm.m'^, preferably from 2,500 to 5,000 ohm,m*\ 



11. An SMES device according to any one of the 
preceding claims, characterised in that the semiconducting 
outer layer (21) is co'ntacted by conductor means at said 
controlled electric potiential at spaced apart regions along 
its length, adjacent /contact regions being sufficiently 
close together that the voltages of mid-points between 
adjacent contact reg/ions are insufficient for corona 
discharges to occur within the electrically insulating 
means • I 



wo 99/28921 



PCT/EP98/07740 



- 23 - 

12. An SMES device Jaccording to any one of the 
preceding claims, characterised in that said controlled 
electric potential is at or close to earth potential. 

13. An SMES device according to any one of the 
preceding claims, characterised in that- the said 
intermediate layer (22) is iJi close mechanical contact with 
each of said inner and outerj layers (2 0 and 21) . 



14. An SMES device According to any one of claims 1 
to 12, characterised in thkt the said intermediate layer 
(22) is joined to each of said inner and outer layers (20 
and 21) . 



15. An SMES devicd according to any one of the 
preceding claims, characterised in that the strength of the 
adhesion between the said Intermediate layer (22) and each 
of the semiconducting inne^ and outer layers (2 0, 21) is of 



the same order of magnitude 



material of the intermedia be layer. 



16. An SMES devicje 
characterised in that the 
together by extrusion. 



17. An SMES de-s 
characterised in that the 
semiconducting material 
layer (22) are applied 
means through a multi laye 



as the intrinsic strength of the 



according to claim 14 or 15, 
said layers (20-22) are joined 



xce according to claim 16, 
nner and outer layers (20, 21) of 
and the insulating intermediate 
together over the superconducting 
extrusion die. 



18, 



An SMES devide according to any one of the 



preceding claims, charact 
(20) comprises a first 



srised in that said inner layer 
plastics material having first 



electrically conductive particles dispersed therein, said 



outer layer (21) comprises 



and said intermediate lay^i 
material . 



a second plastics material having 



second electrically conductive particles dispersed therein 



r (22) comprises a third plastics 
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19. An SMES device according to claim 18, 
characterised in that each of said first, second and third 
plastics materials comprists an ethylene butyl acrylate 
copolymer rubber, an e thy len€ -propyl ene-diene monomer riibber 
(EPDM) or an ethylene -propylene copolymer rx4i>ber (EPR) , 
LDPE, HDPE, PP, PB, PMB XLPEj, EPR or silicone rubber. 



20. An SMES device/ according to claim 18 or 19, 
characterised in that said first, second and third plastics 
materials have at least sul^stantially the same coefficients 
of thermal expansion. 



21. An SMES device according to claim 18, 19 or 2 0 
characterised in that said first, second and third plastics 
materials are the same material. 



22. An electric 
an SMES device according 
connected to a high volt4 



power 



transmission system comprising 
to any one of the preceding claims 
ge source . 



23. A high voltagle 
characterised in that th|e 
conductor means which is 
an electric insulation sy^t 
the conductor means. 



system comprising an SMES device, 
SMES device has superconducting 
insulated against high voltage by 
em arranged concentrically around 



24. A high voltage system according to claim 23, 
characterised in that the high voltage system comprises a 
high voltage network and that the SMES device is directly 
connected to the higia voltage network without an 
intermediate transformer 



25. A high voltage system according to claim 24, 
characterised in that tae network is a high voltage dc 
network. 
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26. A high voltagel system according to claim 25, 
characterised in that thi dc network is at a voltage 
exceeding 10 kV. 



27. A high voltages 
characterised in that the 
voltage ac network via a c 



system according to claim 24, 
^MES device is coupled to a high 
nverter , 



r 



28. A high voltage system according to claim 25, 
comprising several ac netv)orks connected via the dc network 

ic network being connected to the 
ac networks so that the j SMES device can provide the ac 
networks with power. 



29, A high voltage system according to any one of 
claims 23 to 28, characjterised in that the SMES device 
comprises a coil. 



30. A high voltabe system according to any one of 
claims 23 to 28, characterised in that the SMES device 
comprises a cable without turns. 



31. A high voltage 
claim 2 9 when dependent 
the SMES is one part of 



system according to claim 27 of 
on claim 27, characterised in that 
bipolar dc link. 



.tage 



32. A high vol 
c 1 aims 23 to 31, char a 
system is extruded arouncL 
a first integral part f 
contact with the conductor 
properties, a second int 
around the insulation an<i 
and an insulating integral 
second integral parts 



system comprises an all-s 



system according to any one of 
=terised in that said insulation 
the conductor means and comprises 
orming an inner layer in electric 
means and having semiconducting 
egral part forming an outer layer 
having semiconducting properties 
third part between the first and 



33. A high voltage system according to an one of 
claims 23 to 31, characterised in that said insulation 

s^^thetic film wound in overlapping 



4 
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•layers around the conductor means with an inner part in 
electric contact with the conductor means and having 
semiconducting properties, an electrically insulating 
intermediate part and / an outer part surrounding the 
intermediate part and haying semiconducting properties. 

34. A high voltage system according to any of claims 
23 to 31, characterised in that said insulation system 
comprising one or more of a cellulose-based, synthetic paper 
or non-woven fibre material, co- lapped or laminated with a 
synthetic film and having an inner part in electric contact 
with the conductor/ means and having semiconducting 
properties, an electrically insulating intermediate part and 
an outer part around said intermediate part and having 
semiconducting properties . 




said super conductiive conductor is arranged to flow within 
the conductor mean's. 

36. A high voltage system according to claim 32, 33 
or 3 4 characterised in that a cooling medium for cooling^ 
said superconductive conductors is arranged outside of the 
CQiiductor means . 




